The complexation of humic acid with certain heavy metal ions (Co(II), Ni(II), Cu(II), Zn(II) and Pb(II)) was investigated. The stability constants of humate complexes were determined by method which is based on distribution of metal ions between solution and resin in the presence and the absence of ligand, known as Schubert's ion exchange method. Experiments were performed at 25 ºC, at pH 4.0 and ionic strength of 0.01 mol dm -3 .
Introduction
Heavy metals contamination of the environment is the threat to all living organisms. Since the metals are not biodegraded and that many of them are soluble in water, they can become more available for living systems and can accumulate in the environment [1] . Defining the factors that affect their bioavailability, leaching and toxicity in soil/water systems is of crucial importance.
Industrial discharge to the atmosphere, soil and water is the most important source that contributes to increased concentrations of heavy metals in the environment. The greatest heavy metal dispersion is observed in the areas with metallurgy industries. During processing of the ore, the heavy metals, which occur in nature at very low concentrations, are released to the environment in high concentrations [2] . Around 100 times more lead (Pb), 13 times more copper (Cu) and 21 times more zinc (Zn) are emitted to the atmosphere by human activities than by natural processes. Those industrial areas can be considered as risk areas with regard to trace metals and need to have discharge control or in some cases remediation strategy. These metal ions under certain conditions favor the interaction with the functional groups, such as carboxylic, phenolic, alcoholic, enolic-OH and amino groups. All this shows the necessity for improving the knowledge about heavy metals behavior in soils and waters in order to make accurate risk assessments for human health, define long-term ecological effects, set limit values and identify priorities in remediation of contaminated sites [3] .
Heavy metals can be involved in a series of complex chemical and biological interactions.
Factors which affect their mobility through soil/water system are pH, redox status of the environment, sorbent nature, presence and amount of organic and inorganic ligands, including humic and fulvic acids, root exudates and nutrients [4] .
Humic acid has natural and powerful adsorbent properties and are deeply related to the transportation and accumulation of heavy metals [5, 6] . They are widely distributed in soils/waters and the type and structure of their functional groups depend on their genesis but also on method of their isolation and purification [7, 8] . They control behavior of heavy metals in the environment and their interactions with metals are complex, depending on the characteristics of humic acid, concentration of metal ions, pH value, etc [9] . The complexation of humic acid with metals can affect the fate of metals in soils and waters, thus speciation of metals is affected by these complexes as well as oxidation-reduction reactions. Humic acid can serve as carrier of toxic metals, forming complexes that are stable and enhance transport of toxic metals in waters [10] [11] [12] .
Environmental implication of humic-metal binding depends on the possibility whether metal ions form soluble humic complexes that can potentially contaminate groundwater and retain the metal in soil solution or metal ions form insoluble humic complexes that will result in a reduction of bioavailability and ecotoxicity of the metals [12, 13] . Studies of interactions between humic substances and heavy metals are mainly focused on estimating stability constants at a specific pH and ionic strength [8, 9] . Thus, complexation of heavy metals in the very environment is usually assumed or extrapolated for the complex natural system that involve a huge number of different parameters (presence of competition ions, dissolved and particular organic matter, etc.).
Therefore, investigation of the mechanism of interaction between heavy metal ions and humics is very important for the prediction of the distribution and control of the migration of heavy metals in natural environment [12] [13] [14] .
Humic matter-metal ion stability constants are determined by a variety of different analytical techniques such as: centrifugation-depletion, equilibrium dialysis, ultrafiltration, chromato-graphy, diffusive gradients in thin films, etc. Competitive methods are Schubert's method, competing dissolved ligand and kinetic discrimination [15] .
The aim of this paper is to predict the behavior of heavy metals regarding the presence of humic acid in the environment, based on the strength of formed complexes. We have determined stability constants of five transition metals by using Schubert's cation exchange equilibrium method. The results confirm that Schubert's method can be used not only for stoichiometrically defined ligands but also for complexes of polyfunctional and stoichiometrically undefined ligands, such humic ligands are. The finding of relative order of metal-humic complexes stabilities can help in estimation of the fate transport and distribution of heavy metals through different compartments of the environment [16] [17] [18] . water. The resin was changed in Na-form by passing 2 dm 3 of 2 mol dm -3 NaCl, followed by rinse of 2 dm 3 deionized water. The resin was then air-dried for 24 h, and then stored in an airtight polyethylene container.
Experimental

Chemical reagents and instrumentation
Experimental procedure for establishing metal(II) ion-exchange isotherms (D 0 ) and determination of conditional stability constant of metal-ligand complexes
Ion-exchange isotherm was measured at pH 4. 
Results and discussion
The ion-exchange equilibrium method originally develop by Schubert and first applied to water soluble organic matter complexes by Miller and Ohlrogge is the most attractive procedure for the determination of stability constants [19, 20] . The equilibrium reaction for chelate or complex formation can be written as (Eq. 1):
The The number of equivalents of complexing agent, n, combined with a particular metal ion was found from the slope of the linear function (4):
Parameter c L is the concentration of ligand (mol dm -3 ).
Equation (4) is used to determine conditional stability constants for mononuclear complexes. 
Eq. (5) is used to calculate the log β mn for polynuclear complexes. The eq. (4) is a reduced form of eq. (5) for the case when m = 1, when a mononuclear complex is present [21] [22] [23] .
The isotherms for each metal ion were investigated at 25 °C temperature and pH 4.0 in order to avoid hydrolysis of metal ions and carbonate formation. Humic acid was characterized in detail in the previous paper [24] .
The isotherm linear range was obtained for each metal in order to estimate D 0 and choose the appropriate concentrations for preventing the effect of metal loading [21] [22] [23] [24] . The slopes of plots which are presented in Figure 1 give the composition of complexes. Values of n close to unity indicate that metal ligand ratio in these complexes is 1:1. Also, Figure 1 shows that the stability sequence of the metal ions under the given conditions is: Co(II) < Ni(II) < Zn(II) < Cu(II) < Pb(II). All those transition metals tend to favor formation of a covalent or coordination bond with the humic ligand with partial or total breakdown of the hydration sphere of the metal.
Thus, the investigated metals are more tightly held preferably creating inner sphere complexes than for example, alkali and alkaline earth metals which tend to favor creation of outer sphere complexes, with bonds of purely electrostatic nature, where metal retain their hydration spheres [20] .
The stability constants, log β mn , and metal-ligand ratios for complexes between each concentration of Pb(II), Cu(II), Zn(II), Ni(II) and Co(II) ions with humic acid are summarized in Table 2 . Table 2 .
The obtained stability constants, log β mn , show that the investigated divalent ions follow the and makes strong bonds with hard acids. According to the HSAB theory, cations Pb(II) and Cu(II) form stronger complexes with humic acids than with Co(II) and Zn(II). The affinity of the metals to humic acid can also be expected to increase in line with increasing electronegativity.
This seems to be true for Cu(II), Ni(II), Zn(II) and Co(II), but not for Pb(II). Tendency of cations to form inner-sphere complexes with humic acid increases with increasing ionic potential (Ip).
For the group of divalent metal ions this means that the smaller the radius of the ion is, the more likely it is to be found in an inner-sphere complex. Inner-sphere complexes are usually much stronger than outer-sphere complexes associated with a hydrated cation and an anion held by long-range electrostatic forces [23, 25] . The investigation reveals that humic acid can effectively bind heavy metals and due to this have potential to be used in remediation methods. For example, it can use in wastewater treatment for heavy metal removal, as metal detoxification agent for industrial and domestic effluents which contain high levels of such heavy metals. Due to the ability to form complexes, humic acid also promotes retention and accumulation of heavy metals and thus, can be used in fito remediation processes.
Despite its low
Conclusion
Our results provide information on the interaction of Pb(II), Cu(II), Zn(II), Ni(II) and Co(II) with humic acid and distribution of those heavy metals through soil/water natural systems. The
Schubert's method can be used not only for stoichiometrically defined ligands but also for complexes of polyfunctional and stoichiometricaly undefined ligands, such humic ligands are.
The obtained results derived using the Schubert's method, indicate that the stability constant, Rezultati dobijeni ispitivanjem interakcije jona teških metala sa huminskom kiselinom mogu se koristiti za predviđanje distribucije i kontrolu migracije teških metala u prirodnom okruženju.
Ključne reči: zagađenje teškim metalima, huminska kiselina, konstanta stabilnosti Table1.
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